We previously reported that some patients used dietary supplements with their medication without consulting with physicians. Dietary supplements and medicines may interact with each other when used concomitantly, resulting in health problems. An Internet survey was conducted on 2109 people who concomitantly took dietary supplements and medicines in order to address dietary supplement usage in people who regularly take medicines in Japan. A total of 1508 patients (two admitted patients and 1506 ambulatory patients) and 601 non-patients, who were not consulting with physicians, participated in this study. Purpose for dietary supplement use was different among ages. Dietary supplements were used to treat diseases in 4.0% of non-patients and 11.9% of patients, while 10.8% of patients used dietary supplements to treat the same diseases as their medication. However, 70.3% of patients did not declare dietary supplement use to their physicians or pharmacists because they considered the concomitant use of dietary supplements and medicines to be safe. A total of 8.4% of all subjects realized the potential for adverse effects associated with dietary supplements. The incidence of adverse events was higher in patients who used dietary supplements to treat their disease. Communication between patients and physicians is important for avoiding the adverse effects associated with the concomitant use of dietary supplements and medicines.
Introduction
The use of dietary supplements has recently increased worldwide. In the United States, 48.8% of the population used dietary supplements between 2007 and 2010 [1] . Dietary supplementation has also become more common in Japan, with 10.9% of the population using supplements in 2001 [2] , 11.0% in males and 16.4% in females in 2003 [3] and 45 .8% in older adults in 2008 [4] . Factors, such as sex, age, socioeconomic status and health-related characteristics, have been shown to affect the use of dietary supplements [1, [5] [6] [7] [8] . Furthermore, the purpose of dietary supplements has changed over time. Dietary supplements were previously used as a nutritional supplement, because malnutrition was a major health issue. However, dietary supplements are now used not only as nutritional supplements, but also in the prevention and treatment of diseases.
The current Japanese system for regulation of dietary supplements is called "Food with Health Claims" and is made up of two categories: (1) "Food with Nutrient Function Claims" for supplementation of vitamins or minerals; and (2) "Food for Specified Health Uses" for specific functions. However, there are a lot of products that people recognize as dietary supplements in the Japanese market other than "Food with Health Claims". These products are not defined by law in Japan, even if they are in the form of capsules or tablets [9, 10] .
As dietary supplement use increases, associated health problems also increase. Adverse effects caused by dietary supplements, especially hepatotoxicity associated with herbal supplement use [11] [12] [13] or stroke and sudden death associated with adulterated supplement use [14, 15] , have been reported worldwide and have been attributed to two causes. The first cause is the use of low quality or illegal products that contain drug ingredients [16] [17] [18] ; therefore, the Japanese government constantly surveys and checks these products on websites and retail stores. However, health problems that are caused by using adulterated dietary supplements are rare in Japan. The other cause, which is more important in Japan, is the inappropriate use of dietary supplements, including their excessive intake and the concomitant use of various dietary supplements and/or medicines. Japanese people do not appear to fully understand that dietary supplements are different from medicines, which has led to the use of dietary supplements to treat specific disease as medicines. In particular, inappropriate use of dietary supplements in patients may be associated with severe adverse effects.
We previously surveyed the use of dietary supplements by patients in Japan [19] . We found that some patients used dietary supplements concomitantly with medicines, but did not declare this to their physicians. Several reasons have contributed to this inappropriate use. Since a clear, official definition of dietary supplements does not currently exist in Japan, many dietary supplements claim to treat specific diseases, especially cancer, even though such claims are illegal. Previous studies reported that between 20% and 90% of cancer patients used dietary supplements as complementary and alternative medicines, not only in Japan [20] , but also in other countries [21] [22] [23] [24] . Furthermore, since dietary supplements are available as capsules or tablets, they have the appearance of medicines and, thus, are often considered to be as effective as medicines. The general public also does not understand the properties of dietary supplements. Physicians have previously expressed concerns regarding the use of dietary supplements by their patients due to the increased risk of dietary supplement-drug interactions [25] . Dietary supplements may interact with some drugs, as well as affect anesthesia and bleeding during surgery [26] . However, some physicians also do not understand the properties of dietary supplements [27, 28] .
Therefore, the concomitant use of dietary supplements and medicines may lead to dietary supplement-drug interactions and adverse effects. In the present study, an Internet survey was conducted by concomitant users of dietary supplements and medicines in order to clarify the risk of interactions among subjects in Japan.
Methods

Definition of Dietary Supplements
In Japan, the term dietary supplement has no definition in the law, and some dairy or soybean products are recognized as dietary supplements, even if they are in the form of common foods. Therefore, what dietary supplement means is different for each person. In this survey, we defined dietary supplements as those that had the form of capsules, tablets and powders and that subjects considered to have beneficial effects on their health.
Internet Survey
An Internet-based questionnaire was conducted by Macromill Inc. (Tokyo, Japan) on their research registrants between 18 July and 28 July 2014. Their registrants were more than 2 million in 2014. They could answer this questionnaire on a website and quit any time. This study was conducted with the approval of the Research Ethics Committee of the National Institute of Health and Nutrition. The questionnaire is shown in the supplementary file.
Preliminary Survey
To select concomitant users of dietary supplements and medicines, a preliminary survey was conducted on 270,083 subjects. Of this, 40,170 subjects completely answered the survey (response rate: 14.9%), and 7869 subjects (19.6%) were using dietary supplements and medicines concomitantly. The part of concomitant users were moved to the actual survey.
Actual Survey
The actual survey was conducted by 3129 subjects. The questionnaire included demographic characteristics (sex and age), information on their medical status, the purpose of supplementation (maintenance of health, improvements to health, for beauty or weight loss, prevention of diseases and treatment of diseases), the number and types of dietary supplements and medicines that they were taking and understanding of the beneficial and adverse effects. The questionnaire also asked whether subjects informed their physicians of their use of dietary supplements. Of the total subjects, 2109 subjects completely answered the survey (response rate: 67.4%). All subjects provided information on their medical status. Subjects who answered "I am an ambulatory patient (n = 1506)" or "I am an admitted patient (n = 2)" were categorized as patients, and subjects who answered "I am not consulting a doctor (n = 601)" were categorized as non-patients.
Statistical Analysis
Differences in demographic characteristics or the purposes among groups were tested using the χ 2 test. A univariate analysis to determine the relationship between supplement use and various variables in patients and non-patients was also conducted using the χ 2 test. Statistical analyses were performed using SPSS 18.0J for Windows (IBM Co. Armonk, NY). p-Values less than 0.05 were considered significant.
Results
Preliminary Survey
A preliminary survey was conducted on 40,170 people in order to identify those who concomitantly took dietary supplements and medicines. A total of 35.4% of all subjects were currently using dietary supplements; 43.7% took medicines regularly; and 19.6% (n = 7869) took dietary supplements and medicines concomitantly. On the other hand, 17.7% had ceased using dietary supplements for their medication. A part of the subjects taking concomitant medicines were allocated to the main survey in consideration of the population distribution (based on the sex, age and residence) in Japan.
Characteristics
The characteristics of all subjects (n = 2109) are shown in Table 1 . The ratios of age and residence were adjusted by the population distribution in Japan. Among all subjects, 71.5% (n = 1508) were patients, including two admitted patients (Table 1) , while the remainder (n = 601) were non-patients, even though they regularly took medicines. The ratio of patients to non-patients increased significantly with age. 
Prevalence of Dietary Supplements
Many subjects (53.7% of non-patients and 41.0% of patients) used some type of vitamin or mineral (including multi-vitamins, multi-minerals, or multi-vitamin/mineral products) ( Table 2) . Vitamins B and C and calcium, iron and zinc were the most commonly used vitamins and minerals, respectively. The preference for vitamin/mineral supplements was significantly greater in non-patients than in patients. Various kinds of non-vitamin, non-mineral dietary supplements were also used ( Table 2) . Blueberry/lutein products were the most frequently used by both non-patients and patients in this survey, followed by fish oil/n-3 PUFA and glucosamine/chondroitin. The preference for blueberry/lutein, fish oil/n-3 PUFA, glucosamine/chondroitin, black vinegar, garlic and sesamin products was significantly greater in patients than in non-patients. Furthermore, dietary supplements for weight loss, which were labeled as containing several ingredients, including Coleus forskohlii, Gymnema sylvestre, lactoferrin, α-lipoic acid or others, were also popular in Japan. A subgroup analysis showed that subjects who used dietary supplements to treat their diseases preferred to use non-vitamin/non-mineral supplements (14.8%, n = 236/1591 of non-vitamin/non-mineral supplements users), slightly more than vitamin and/or mineral supplements only (12.7%, n = 66/518 of vitamin and/or mineral supplements only users). 
Purpose of Dietary Supplement Use
The purpose of dietary supplement use is shown in Table 3 (medical status) and Table 4 (age). When medical status was compared (Table 3) , no significant differences were observed in improvements to health, for beauty or weight loss or the prevention of diseases between both groups. However, significantly more non-patients than patients used dietary supplements to maintain health, whereas significantly more patients than non-patients used dietary supplements to treat diseases. When age was compared (Table 4) , the use of dietary supplements to maintain health and prevent diseases was greater among older subjects than younger subjects. On the other hand, the use of dietary supplements to improve health and for beauty or weight loss was greater among younger subjects than older subjects. However, no significant difference was observed in the treatment of diseases among generations. 
Concomitant Use of Dietary Supplements and Medicines
As discussed above, 19.6% of participants (7869/40,170) in the preliminary survey took dietary supplements and medicines concomitantly, while the actual survey was only conducted on subjects who took dietary supplements and medicines concomitantly. Table 5 shows the number of subjects taking dietary supplements and medicines concomitantly. The most common pattern was one kind of dietary supplement and one kind of medicine (n = 440, 20.9%). However, 82 subjects (3.9%) took more than five dietary supplements and more than five medicines concomitantly. 
Declaration of Dietary Supplement Use to Physicians or Pharmacists
Only 25.7% of all subjects (16.0% of non-patients and 29.7% of patients) declared dietary supplement use to their physicians or pharmacists. In other words, more than 70% of patients used dietary supplements on their own without consulting with their physicians. Furthermore, neither of the admitted patients declared dietary supplement use to their attending physicians. Table 6 shows the reasons for not declaring dietary supplement use to physicians or pharmacists. Most subjects regarded dietary supplements as food and, therefore, safe and, as a consequence, did not consider interactions with their medication. In addition, "physicians or pharmacists never asked about dietary supplement use" was also a major reason for miscommunication between patients and physicians or pharmacists. 
Beneficial or Adverse Effects due to the Use of Dietary Supplements
Only 41.1% of all subjects (40.8% of non-patients and 41.2% of patients) felt better by using dietary supplements. On the other hand, 8.4% of all subjects (8.2% of non-patients and 8.6% of patients) developed adverse effects from the use of dietary supplements, with the most common being diarrhea (32.7% of non-patients and 30.2% of patients), nausea and vomiting (14.3% and 25.6%), stomachache (22.4% and 12.4%), constipation (12.2% and 15.5%), fatigue (6.1% and 15.5%), headache (8.2% and 14.0%), interaction with medication (14.3% and 10.9%), rash and prurigo (6.1% and 10.1%), palpitations (2.0% and 8.5%), effects on health examination data (2.0% and 4.7%), and others. No significant difference was observed between non-patients and patients. A subgroup analysis showed that subjects who used any kind of non-vitamin/non-mineral supplement (8.7%) developed more adverse effects than those who only used vitamin and/or mineral supplements (7.7%). Furthermore, subjects who used dietary supplements to treat diseases (16.6%) had more adverse effects than those who used them for other purposes, such as the maintenance of health (8.4%), improvements to health (11.9%), for beauty or weight loss (10.3%) or the prevention of diseases (11.1%).
Discussion
We previously reported the inappropriate usage of dietary supplements by Japanese patients, some of whom used dietary supplements and medicines concomitantly without consulting with their physicians [19] . Some ingredients in dietary supplements have been shown to interact with drugs. Therefore, the concomitant use of dietary supplements and medicines by patients without the physician's knowledge may lead to dietary supplement-drug interactions and adverse effects. In the present study, we investigated the concomitant usage of dietary supplements and medicines by patients in Japan.
The prevalence of dietary supplements has been surveyed, and vitamin/mineral supplements were revealed to be the most commonly used [4, 29] . Consistent with a previously conducted survey, approximately half of our subjects used vitamin/mineral supplements. Deficiencies in vitamins/minerals cause health problems that can be prevented by vitamin/mineral supplements. The use of vitamin/mineral supplements was found to be increased in patients diagnosed with cancer [30] . In addition, vitamin/mineral supplements were shown to have beneficial effects in nutritionally deficient patients in China [31, 32] . On the other hand, a cohort study in Japan [33] and a systematic review of vitamin/mineral supplements [34] showed that vitamin/mineral supplements did not affect the incidence of cardiovascular diseases and cancer or total mortality. It still remains unclear whether excessive amounts of vitamins/minerals are beneficial or harmful.
In addition to vitamin/mineral supplements, our subjects used various kinds of dietary supplements. The most popular ingredient in the dietary supplements used by our subjects was blueberry/lutein. Blueberry/lutein is also popular among non-medicated subjects in Japan, because it is considered beneficial for eye conditions, especially the prevention of cataracts and glaucoma. Blueberry/lutein products are marketed with such claims despite the lack of sufficient evidence, and the general public believes them in Japan. The second most popular ingredient was fish oil/n-3 PUFA, including eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). EPA is also regulated as a drug ingredient for hyperlipidemia in Japan and has anti-platelet and anti-coagulant effects. Therefore, these dietary supplements are as effective as EPA-drugs, which are approved in Japan if they are of good quality. However, functional claims, such as for medicines, are not allowed to EPA-dietary supplements. Similar to EPA, chondroitin sulfate is regulated as a drug ingredient for rheumatoid arthritis in Japan. However, if efficacy is not claimed, chondroitin sulfate could be available as a dietary supplement. Most chondroitin supplements contain glucosamine, which is regulated as a drug ingredient for rheumatoid arthritis in Europe, but not in Japan, and are, thus, used by rheumatoid arthritis patients. A previous study reported that 60% of rheumatoid arthritis patients in Japan used dietary supplements, of which 40% are components of cartilage that contains chondroitin [35] .
Dietary supplements have been shown to interact with drugs. The most well-known example is St. John's wort (Hypericum perforatum L.). St. John's wort contains hyperforin, which increases the expression of cytochrome P450 (CYP), especially CYP3A4, and affects drug metabolism in the liver [36] . In the present study, five non-patients used St. John's wort, and none of them had declared this use to their physicians (pharmacists). Two subjects used sodium loxoprofen (a CYP2C9 substrate), with one reporting an interaction with their medication. Other subjects used paroxetine hydrochloride hydrate (a CYP2D6 substrate), vitamin B or folic acid with St. John's wort. St. John's wort does not interact with these medicines. If these subjects used St. John's wort with this knowledge, it would not be considered problematic; however, they did not. Other herbs (e.g., black cohosh, Coleus forskohlii, echinacea, garlic, ginkgo, ginseng, green tea, kava and milk thistle) [37] [38] [39] [40] [41] and ingredients (e.g., catechins [42] , curcuminoids [43] , isoflavones [44] , quercetin [45] , polyphenols [46] and resveratrol [47] ) also affect drug-metabolizing enzymes. In the present study, many subjects used these dietary supplements without consulting with their physicians.
Physicians need to be aware of the dietary supplements being used by their patients in order to avoid interactions between medication and dietary supplements. If there is insufficient evidence to warrant safety concerns, physicians need to advise their patients to cease the concomitant use of dietary supplements and medicines. However, 17% of all subjects answered that they did not discuss these supplements with their physicians or pharmacists, because they were never asked about it, which is consistent with previous findings [48] . This may have been associated with both patients' and physicians' insufficient recognition of the interactions between dietary supplements and medications, not only in Japan [43] , but in other countries [49] [50] [51] [52] .
More subjects in the present study (8.4%) developed adverse effects due to the use of dietary supplements than in our previous study (3.3%) [19] , even though most cases were not severe. No significant differences were observed in the incidence of adverse effects between non-patients and patients. This result suggests that the concomitant use of dietary supplements and medicines may increase the incidence of adverse effects. In this survey, we asked subjects which types of dietary supplements and medicines they were taking and found that most used several dietary supplements and medicines concomitantly. The possibility of dietary supplement-drug interactions is increased by the concomitant use of a larger number of dietary supplements and drugs. Therefore, we could not determine any relationship between dietary supplements and adverse effects.
There were some limitations to this study. This survey was conducted via the Internet, the utilization of which has recently expanded. The Ministry of Internal Affairs and Communications reported that the rate of Internet utilization was greater than 95% in those under 40s, 85% in those in their 50s, 63%-72% in their 60s and 49% in their 70s in 2012 in Japan. A gap may still exist between Internet users and non-users, especially in elderly people. Furthermore, Japanese people do not understand the difference between dietary supplements and medicines. A previous survey showed that 22% of the Japanese population did not understand the distinction between dietary supplements and medicines. In this study, some subjects inserted the name of a dietary supplement as a medicine name and vice versa. We also asked subjects for the names of the dietary supplements that they used, but a lot of subjects answered with just the main ingredient of the dietary supplement. Most products in Japan currently contain multiple ingredients. For example, if one product is being promoted as a glucosamine supplement, this product typically contains chondroitin, hyaluronic acid, collagen and other ingredients. Therefore, we were unable to clarify interactions between dietary supplements and medicines in this study.
Conclusions
It is important for physicians to ask patients about dietary supplement use and for patients to inform their physicians about these supplements if physicians do not ask about them. In addition, patients need more information on the dietary supplements that they use. Education about dietary supplements is important for patients in order to avoid the adverse effects associated with dietary supplements.
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